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Abstract² +LJK GLPHQVLRQDO GDWD FDQ OHDG WR ORZ DFFXUDF\ RI
FODVVLILFDWLRQ DQG WDNH D ORQJ WLPH WR FDOFXODWH EHFDXVH LW FRQWDLQV
LUUHOHYDQWIHDWXUHVDQGUHGXQGDQWIHDWXUHV7RRYHUFRPHWKLVSUREOHP
GLPHQVLRQRIGDWDKDVWREHUHGXFHG&DXVDOIHDWXUHVHOHFWLRQLVRQHRI
PHWKRGVIRUIHDWXUHUHGXFWLRQEXWLWFDQQRWLGHQWLI\UHGXQGDQWIHDWXUHV
7KLV SDSHU SUHVHQWV 3DUHQW&KLOGUHQ EDVHG IRU &DXVDO 5HGXQGDQW
)HDWXUH ,GHQWLILFDWLRQ 3&5) DOJRULWKP WR LGHQWLI\ DQG UHPRYH
UHGXQGDQW IHDWXUHV 7KH DFFXUDF\ RI FODVVLILFDWLRQ DQG QXPEHU RI
IHDWXUH UHGXFHG E\ 3&5) DOJRULWKP DUH FRPSDUHG ZLWK FRUUHODWLRQ
IHDWXUH VHOHFWLRQ $FFRUGLQJ WR WKH UHVXOWV 3&5) DOJRULWKP FDQ
LGHQWLI\UHGXQGDQWIHDWXUHEXWKDVORZHUDFFXUDF\RIFODVVLILFDWLRQWKDQ
FRUUHODWLRQIHDWXUHVHOHFWLRQ 
Keywords IHDWXUH VHOHFWLRQ FRUUHODWLRQ FDXVDO IHDWXUH VHOHFWLRQ
LUUHOHYDQWIHDWXUHUHGXQGDQWIHDWXUH
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&XUUHQWO\ LQIRUPDWLRQ WHFKQRORJ\ LV UDSLGO\ DGYDQFHPHQW
WKDW LQFUHDVHV QXPEHU RI IHDWXUHV LQ GDWD $QDO\VLV RI KLJK
GLPHQVLRQDOGDWD RIWHQKDV ORZDFFXUDF\RIFODVVLILFDWLRQDQG
KLJKFRPSXWDWLRQWLPHEHFDXVHFXUVHRIGLPHQVLRQDOLW\>@DQG
RYHUILWWLQJSUREOHP,WLVDUHVXOWRIGDWDVHWWKDWKDVLUUHOHYDQW
DQGUHGXQGDQWIHDWXUHV7KHUHIRUHQXPEHURIIHDWXUHVVKRXOGEH
UHGXFHGWRLQFUHDVHWKHDFFXUDF\RIFODVVLILFDWLRQ


)LJ&RPSRQHQWRIIHDWXUHRIGDWDVHW
%DVLFDOO\FRPSRQHQWRIIHDWXUHLQGDWDVHWKDVIRXUSDUWV>@
DVVKRZQLQILJXUH,UUHOHYDQWIHDWXUHVUHOHYDQWZLWKUHGXQGDQW
IHDWXUHV UHOHYDQW ZLWKRXW UHGXQGDQW IHDWXUHV DQG VWURQJO\
UHOHYDQW IHDWXUHV 7KH RSWLPDO IHDWXUH LV D GDWDVHW ZLWKRXW
LUUHOHYDQW DQG UHGXQGDQW IHDWXUHV DV VKRZQ LQ ,,, DQG ,9 RI
FRPSRQHQWLQILJXUH
1RUPDOO\ IHDWXUH UHGXFWLRQ KDV WZRPHWKRGV >@ IHDWXUH
H[WUDFWLRQ DQG IHDWXUH VHOHFWLRQ)HDWXUH H[WUDFWLRQ WUDQVIRUPV
RULJLQDOGDWDVHWWRORZHUGLPHQVLRQRIGDWDDQGFKDQJHVYDOXHRI
RULJLQDO GDWDVHW)HDWXUH VHOHFWLRQ FKRRVHV WKHRSWLPDO IHDWXUH
VHWE\PHDVXULQJUHODWLRQVXFKDVPXWXDOLQIRUPDWLRQGLVWDQFH
VWDWLVWLFV HWF ,W FDQ ILQG UHODWLRQ EHWZHHQ IHDWXUHV VXFK DV
GLDJQRVLVRUFDXVHVRIGLVHDVHDQDO\VLV7KHUHIRUHWKLVUHVHDUFK
IRFXVHVRQIHDWXUHVHOHFWLRQEHFDXVHLWLVHDV\WRXQGHUVWDQGDQG
FDQLGHQWLI\RSWLPDOIHDWXUH


)LJ)HDWXUHVHOHFWLRQSURFHGXUH
*HQHUDOO\IHDWXUHVHOHFWLRQFRQVLVWVRIIRXUSURFHVVHV>@DV
VKRZQ LQ ILJXUH 6XEVHW JHQHUDWLRQ LV D SURFHVVRI VHDUFK
VWUDWHJ\VXFKDVFRPSOHWHVHDUFKDQGUDQGRPVHDUFK&RPSOHWH
VHDUFKLVDPHWKRGWKDWDOORIIHDWXUHLQGDWDVHWLVHYDOXDWHG,W
7KH%LRPHGLFDO(QJLQHHULQJ,QWHUQDWLRQDO&RQIHUHQFH%0(L&21
,(((
JXDUDQWHHVWKDWILQDOSURFHVVFDQILQGWKHRSWLPDOIHDWXUHEXWWDNH
DORQJWLPHIRUVHDUFKLQJDOJRULWKP5DQGRPVHDUFKLVDPHWKRG
WKDWXVHVUDQGRPFRQGLWLRQWRILQGIHDWXUHVE\FRQGLWLRQ,WKDV
UDSLGSURFHVVEXWVRPHUHOHYDQWIHDWXUHVPLJKWQRWEHFKRVHQ
$IWHUWKDWVXEVHWHYDOXDWLRQZLOOHYDOXDWHIHDWXUHVIURPWKHILUVW
SURFHVV XVLQJ FULWHULRQ VXFK DV PXWXDO LQIRUPDWLRQ GLVWDQFH
GHSHQGHQF\ HWF 7KLV SURFHVV ZLOO EH LWHUDWHG XQWLO UHDFK
VWRSSLQJ FRQGLWLRQDO FULWHULRQ LQ VWRSSLQJ FULWHULRQ SURFHVV
VXFK DV FRPSOHWHG VHDUFK RU PD[LPXP QXPEHU RI LWHUDWLRQ
)LQDOO\VXEVHWYDOLGDWLRQZLOO VHSDUDWHRSWLPDO IHDWXUHWRWHVW
WKHRSWLPDOIHDWXUH
)HDWXUHVHOHFWLRQDOJRULWKPFDQEHGLYLGHGLQWR ILYH W\SHV
>@>@)LOWHUPHWKRG VHOHFWVIHDWXUHWKDW LVQRW LQGHSHQGHQW
ZLWKWKHFODVV,WLVDUDSLGPHWKRGEXWVHOHFWHGIHDWXUHVPLJKW
QRW EH VXLWDEOH IRU VHOHFWHG FODVVLILFDWLRQ:UDSSHUPHWKRG
GHILQHVWKHHYDOXDWLRQPHWKRGWKDWLVVXLWDEOHIRUFODVVLILFDWLRQ
WRHYDOXDWHIHDWXUHV,WKDVKLJKDFFXUDF\DQGKLJKFRPSXWDWLRQ
WLPH+\EULGPHWKRGFRPELQHVDGYDQWDJHRIILOWHUPHWKRGDQG
ZUDSSHUPHWKRG7KLVPHWKRGKDVKLJKHU DFFXUDF\ WKDQ ILOWHU
PHWKRGDQGIDVWHUWKDQZUDSSHUPHWKRG(PEHGGHGPHWKRGLV
D PHWKRG WKDW VXEVHW HYDOXDWLRQ LV D SDUW RI FODVVLILFDWLRQ
DOJRULWKP 0DUNRY EODQNHW PHWKRG FDQ ILQG WKH UHODWLRQ
EHWZHHQFODVVRUWDUJHWDQGIHDWXUHVEDVHGRQVWDWLVWLFV
%DVLFDOO\ IHDWXUH VHOHFWLRQ GRHV QRW FRQVLGHU FDXVDOLW\
EHWZHHQ IHDWXUHV EXW FDXVDO IHDWXUH VHOHFWLRQ >@ FDQ H[SODLQ
UHODWLRQRIDOO IHDWXUHV LQGDWDVHWE\FDXVDOJUDSKDV VKRZQ LQ
ILJXUH  &DXVDO IHDWXUH VHOHFWLRQ XVHV %D\HVLDQ QHWZRUN WR
FDOFXODWHUHODWLRQRIDOOIHDWXUHZKLFKFRQVLVWRIQRGHVIHDWXUHV
GLUHFW DF\FOLF JUDSK '$* DQG MRLQW SUREDELOLW\ GLVWULEXWLRQ
EHWZHHQIHDWXUHV>@

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)LJ&DXVDOIHDWXUHVHOHFWLRQ

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5HGXFLQJ WKH QXPEHU RI IHDWXUH WR JHW RSWLPDO VL]H FDQ
LQFUHDVHWKHDFFXUDF\RIFODVVLILFDWLRQDQGUHGXFHFRPSXWDWLRQ
WLPH ,Q+DOO>@UHGXFHGQXPEHURI IHDWXUHXVLQJ&)6
DOJRULWKPWKDWFDQUHPRYHLUUHOHYDQWIHDWXUHVEXWFDQQRWLGHQWLI\
DQGHOLPLQDWHUHGXQGDQWIHDWXUHV,Q<XDQG/LX>@XVHG
)&%)DOJRULWKPWRUHGXFHIHDWXUHLQKLJKGLPHQVLRQDOGDWDWKDW
FDQLGHQWLI\ERWKLUUHOHYDQWIHDWXUHVDQGUHGXQGDQWIHDWXUHVE\
V\PPHWULFDO XQFHUWDLQW\ FDOFXODWLRQ P505 DOJRULWKP ZDV
SUHVHQWHGE\3HQJHWDO>@LQ,WFDQILQGRSWLPDOIHDWXUHV
DQG UHGXFH QXPEHU RI IHDWXUHV EXW FDQQRW LGHQWLI\ LUUHOHYDQW
IHDWXUHV DQG UHGXQGDQW IHDWXUHV IURP UHPRYHG IHDWXUHV
$OWKRXJKWKHVHDOJRULWKPFDQLGHQWLI\RSWLPDOIHDWXUHVWKH\GR
QRWFRQVLGHUWKHFDXVDOLW\RIIHDWXUHV
,Q6SLUWHVHWDO>@IRXQGWKDW%D\HVLDQQHWZRUNLV
DSSOLHGWRUHGXFHIHDWXUHVLQ3&DOJRULWKPEXWFDQQRWLGHQWLI\
DQGUHPRYHUHGXQGDQWIHDWXUHV7KHUHIRUHWKLVSDSHUSURSRVHV
UHGXQGDQW IHDWXUH LGHQWLILFDWLRQ DQG UHGXQGDQF\ DQDO\VLV IRU
FDXVDO IHDWXUH VHOHFWLRQ E\ 3DUHQW&KLOGUHQ EDVHG IRU &DXVDO
5HGXQGDQW )HDWXUH ,GHQWLILFDWLRQ 3&5) DOJRULWKP DQG
FRPSDUHVWKHUHVXOWRIDFFXUDF\RIFODVVLILFDWLRQDQGWKHQXPEHU
RIIHDWXUHUHGXFWLRQZLWKFRUUHODWLRQIHDWXUHVHOHFWLRQ

,,,7+(25<
7KLV SDSHU SURSRVHV 3DUHQW&KLOGUHQ EDVHG IRU &DXVDO
5HGXQGDQW)HDWXUH,GHQWLILFDWLRQ3&5)DOJRULWKP1XPEHURI
IHDWXUH UHGXFWLRQ DQG DFFXUDF\ RI FODVVLILFDWLRQ DUH FRPSDUHG
ZLWK FRUUHODWLRQPHWKRG &)6)&%)P505DOJRULWKP DQG
FDXVDOIHDWXUHVHOHFWLRQ3&DOJRULWKP

A. Correlation Feature Selection 
1)  Correlation based Feature Selection (CFS) Algorithm 
&)6 DOJRULWKP >@PHDVXUHV UHODWLRQEHWZHHQ IHDWXUH DQG
IHDWXUHDQGIHDWXUHDQGFODVVLQHTXDWLRQDQGXVHV3HDUVRQ¶V
FRUUHODWLRQLQHTXDWLRQ
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:KHUHkLVQXPEHURIIHDWXUHrkcDQGrkkDUHOLQHDUFRUUHODWLRQ
FRHIILFLHQWEHWZHHQIHDWXUHDQGFODVVDQGEHWZHHQIHDWXUHDQG
IHDWXUHUHVSHFWLYHO\
+RZHYHU&)6DOJRULWKPFDQQRWGHILQHUHGXQGDQWIHDWXUH

2) Fast Correlation Based Filter (FCBF) Algorithm 
)&%) DOJRULWKP >@ LV D DOJRULWKP WKDW FDQ DQDO\]H
LUUHOHYDQW IHDWXUHV DQG UHGXQGDQW IHDWXUHV XVLQJ V\PPHWULFDO
XQFHUWDLQW\68
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:KHUH,*;_<LVWKHLQIRUPDWLRQJDLQRIIHDWXUH;JLYHQ
FRQGLWLRQRIIHDWXUH<+;DQG+<DUHWKHHQWURS\RIIHDWXUH
;DQG<UHVSHFWLYHO\
,UUHOHYDQW IHDWXUH DQDO\VLV ZLOO FRQVLGHU 68 WKDW LW LV WKH
PRGLILHGRILQIRUPDWLRQJDLQ68KDVUDQNEHWZHHQDQG,I
68EHWZHHQIHDWXUHDQGFODVVHTXDOWRLWPHDQWKDWWKLVIHDWXUH
LV FRPSOHWHO\ UHODWHG WR WKDW FODVV2Q WKH RWKHU KDQG LI 68
EHWZHHQIHDWXUHDQGFODVVHTXDOWRWKLVIHDWXUHLVLUUHOHYDQWWR
WKDWFODVV
$IHDWXUHiLVFRQVLGHUHGDVDUHGXQGDQWIHDWXUHWRIHDWXUHjLI
WKHFRQGLWLRQRI68EHWZHHQIHDWXUHiDQGIHDWXUHjSUi,jDQG
68EHWZHHQIHDWXUHiDQGFODVVcSUi,cLVDFFRUGLQJWRHTXDWLRQ


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3) Max-Relevant, Min-Redundant (mRMR) Algorithm 
P505DOJRULWKP>@ILQGRSWLPDOIHDWXUHVWKDWUHODWHGWR
FODVV ZLWK ORZ UHGXQGDQF\ 7KLV DOJRULWKP FRQVLVWV RI PD[
UHOHYDQWDQDO\VLV LQHTXDWLRQDQGPLQUHGXQGDQWDQDO\VLV LQ
HTXDWLRQ
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:KHUH ' LV GHSHQGHQF\ RI IHDWXUHV 5 LV UHGXQGDQF\ RI
IHDWXUHV _6_ LV QXPEHU RI IHDWXUH VHW I(xi;c) DQG I(xi;xj) DUH
LQIRUPDWLRQJDLQEHWZHHQIHDWXUHDQGFODVVDQGEHWZHHQIHDWXUH
DQGIHDWXUHUHVSHFWLYHO\7KLVDOJRULWKPLVFDOFXODWHGIURPILQG
RSWLPDOIHDWXUHVWKDWKDVPD[UHOHYDQWDQGPLQUHGXQGDQW

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
$OWKRXJKWKHRXWSXWRIWKLVDOJRULWKPLVRSWLPDOIHDWXUHLW
FDQQRWLGHQWLI\ERWKLUUHOHYDQWIHDWXUHVDQGUHGXQGDQWIHDWXUHV


B. Causal Feature Selection 
1) PC Algorithm 
3& DOJRULWKP >@ XVHV %D\HVLDQ QHWZRUN ZKLFK LV
FRQVWUDLQWEDVHGW\SH7KLVDOJRULWKPFRQVLVWVRIWZRSURFHVVHV
HGJH GHWHFWLRQ DQG HGJH RULHQWDWLRQ (GJH GHWHFWLRQ XVHV
FRQGLWLRQDO LQGHSHQGHQW RI DOO QRGHV IHDWXUHV WR LGHQWLI\
VNHOHWRQRI HGJH UHODWHG OLQH EHWZHHQ IHDWXUHV DQG IHDWXUHV
$IWHU WKDW HGJH RULHQWDWLRQ SURFHVV XVHG GVHSDUDWLRQ >@ WR
GHWHUPLQHGLUHFWLRQRIDOORIHGJHDVVKRZQLQILJXUH


)LJ3&DOJRULWKP

2) Parent-Children Based for Causal Redundant Feature 
Identification (PCRF) Algorithm 
7KLVSDSHUSURSRVHV3&5)DOJRULWKP WKDWXVHVSDUHQWDQG
FKLOGUHQUHODWLRQ WRILQGFDXVDOJUDSKZKLFKLVEDVHGRQ,$0%
DOJRULWKP>@DVVKRZQLQILJXUH)LUVWWKHFODVVLVLGHQWLILHG
DQG UHPRYH LUUHOHYDQW IHDWXUHV WKDW GRHV QRW UHODWHG
GLVFRQQHFWHGZLWKWKHFODVVFRPSRQHQW,LQILJXUHE\XVLQJ
%D\HVLDQ1HWZRUNV$IWHUWKDWLQIRUPDWLRQJDLQLQHTXDWLRQ
LVXVHGWRILQGRSWLPDOIHDWXUHFRPSRQHQW,,,DQG,9LQILJXUH
)LQDOO\UHGXQGDQWIHDWXUHFDQEHLGHQWLILHGFRPSRQHQW,,LQ
ILJXUH  LQ FDXVDO IHDWXUH VHOHFWLRQ E\ UHPRYLQJ LUUHOHYDQW
FRPSRQHQW , LQ ILJXUH  DQG RSWLPDO IHDWXUHV FRPSRQHQW
,,,,9LQILJXUHIURPRULJLQDOIHDWXUHV7KHSVHXGRFRGHRI
3&5)DOJRULWKPLVVKRZQLQILJXUH
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&)6
,UUHOHYDQW      
5HGXQGDQW 1$ 1$ 1$ 1$ 1$ 1$
6HOHFWHG      
)&%)
,UUHOHYDQW      
5HGXQGDQW      
6HOHFWHG      
P505
,UUHOHYDQW 1$ 1$ 1$ 1$ 1$ 1$
5HGXQGDQW 1$ 1$ 1$ 1$ 1$ 1$
6HOHFWHG      
3&
,UUHOHYDQW      
5HGXQGDQW 1$ 1$ 1$ 1$ 1$ 1$
6HOHFWHG      
3&5)
,UUHOHYDQW      
5HGXQGDQW      
6HOHFWHG      


)LJ$YHUDJHRI$FFXUDF\RI&ODVVLILHUIURP'DWDVHWV
7DEOHVKRZVWKHUHVXOWRIIHDWXUHUHGXFWLRQ$FFRUGLQJWR
WKH UHVXOWV )&%) DQG P505 DOJRULWKP FDQ UHGXFH PRUH
IHDWXUHVWKDQRWKHUVIHDWXUHVHOHFWLRQDOJRULWKP)&%)DOJRULWKP
FDQ UHGXFH QXPEHU RI DYHUDJH IHDWXUHV WR   IHDWXUHV IRU
P505 DOJRULWKP DQG  IHDWXUHV IRU &)6 DOJRULWKPZKLOH
3&5)DQG3&DOJRULWKPKDYH QXPEHURI IHDWXUHV  DQG
UHVSHFWLYHO\
)LJXUH  SUHVHQWV WKH UHVXOW RI DFFXUDF\ RI FODVVLILFDWLRQ
)URP WKH JUDSKV )&%) DOJRULWKP DQG P505 DOJRULWKP
SURYLGH KLJKHU DYHUDJH RI DFFXUDF\ RI FODVVLILHU WKDQ RWKHU
DOJRULWKPV)&%)DOJRULWKPSURYLGHVDYHUDJHDFFXUDF\
 IRUP505DOJRULWKPDQG IRU&)6DOJRULWKP
ZKLOH 3&5) DQG 3& DOJRULWKP SURYLGH DYHUDJH DFFXUDF\
DQGUHVSHFWLYHO\


)LJ&DXVDOJUDSKRI/8&$6GDWDVHWXVLQJ3&5)DOJRULWKP
)LJXUHSUHVHQWVD VDPSOHFDXVDOJUDSK UHVXOWRI/8&$6
GDWDVHW XVLQJ 3&5) DOJRULWKP )URP WKLV ILJXUH 3&5)
DOJRULWKP FDQ LGHQWLI\ FDXVDO UHODWLRQ EHWZHHQ IHDWXUHV
LUUHOHYDQW IHDWXUH GLVFRQQHFWHG QRGH DQG UHGXQGDQW IHDWXUHV
JUD\QRGHV

9,',6&866,21
)URP H[SHULPHQWDO UHVXOWV )&%) DQG P505 DOJRULWKPV
KDYHWKHDYHUDJHRIDFFXUDF\RIFODVVLILFDWLRQKLJKHUWKDQRWKHU
IHDWXUH VHOHFWLRQV %RWK DOJRULWKPV DOVR UHGXFH QXPEHU RI
IHDWXUHLQGDWDPRUHWKDQRWKHUDOJRULWKPEHFDXVHLWFDQUHPRYH
ERWK LUUHOHYDQW DQG UHGXQGDQW IHDWXUHV ZKLOH &)6 DQG 3&
DOJRULWKPFDQQRWUHPRYHUHGXQGDQWIHDWXUHVKLJKHUQXPEHURI
VHOHFWHGIHDWXUHV
3&5)DOJRULWKPKDVVOLJKWO\ ORZHUDYHUDJHRIDFFXUDF\RI
FODVVLILFDWLRQWKDQ&)6DOJRULWKPEXWLWKDVKLJKHUDFFXUDF\WKDQ
3& DOJRULWKP EHFDXVH 3&5) DOJRULWKP FDQ UHPRYH ERWK
LUUHOHYDQWIHDWXUHVDQGUHGXQGDQWIHDWXUHV
$OWKRXJK 3&5) DOJRULWKP FDQ LGHQWLI\ DQG UHPRYH
UHGXQGDQWIHDWXUHVLQFDXVDOIHDWXUHVHOHFWLRQLWFDQQRWXVHZLWK
YHU\KLJKGLPHQVLRQDOGDWDVHWEHFDXVHLWVFRPSOH[LW\,WKDVWR
FDOFXODWHSDUHQWFKLOGUHQUHODWLRQVKLSIURPHYHU\IHDWXUHV

9,,&21&/86,21
7KLV SDSHU SUHVHQWV UHGXQGDQW IHDWXUH LGHQWLILFDWLRQ DQG
UHGXQGDQF\ DQDO\VLV IRUFDXVDO IHDWXUH VHOHFWLRQXVLQJSDUHQW
FKLOGUHQ EDVHG IRU UHGXQGDQW IHDWXUH LGHQWLILFDWLRQ 3&5)
DOJRULWKP )URP H[SHULPHQWDO UHVXOW 3&5) DOJRULWKP FDQ
LGHQWLI\ UHGXQGDQW IHDWXUHV DQG HOLPLQDWH ERWK LUUHOHYDQW DQG
UHGXQGDQW IHDWXUHV LQ FDXVDO IHDWXUH VHOHFWLRQ EXW KDV ORZHU
DFFXUDF\ RI FODVVLILFDWLRQ WKDQ FRUUHODWLRQ +RZHYHU 3&5)
DOJRULWKPFDQSUHVHQWFDXVDOUHODWLRQEHWZHHQIHDWXUHVDQGWKH
FODVV )XWXUH ZRUN ZLOO LGHQWLI\ DQG UHPRYH LUUHOHYDQW DQG
UHGXQGDQWIHDWXUHE\XVLQJVWDWLVWLFEDVHGIRUIDVWHUFDOFXODWLRQ
LQKLJKGLPHQVLRQDOGDWD

5()(5(1&(6
>@ 09HUOH\VHQDQG')UDQoRLV³7KHFXUVHRIGLPHQVLRQDOLW\LQ
GDWD PLQLQJ DQG WLPH VHULHV SUHGLFWLRQ´ LQ Computational 
Intelligence and Bioinspired Systems6SULQJHUSS±

>@ / <X DQG + /LX ³(IILFLHQW IHDWXUH VHOHFWLRQ YLD DQDO\VLV RI
UHOHYDQFH DQG UHGXQGDQF\´ 7KH -RXUQDO RI0DFKLQH /HDUQLQJ
5HVHDUFKYROSS±
>@ =0+LUDDQG')*LOOLHV³$UHYLHZRIIHDWXUHVHOHFWLRQDQG
IHDWXUHH[WUDFWLRQPHWKRGVDSSOLHGRQPLFURDUUD\GDWD´
>@ + /LX DQG / <X ³7RZDUG LQWHJUDWLQJ IHDWXUH VHOHFWLRQ
DOJRULWKPV IRU FODVVLILFDWLRQ DQG FOXVWHULQJ´ .QRZOHGJH DQG
'DWD(QJLQHHULQJ,(((7UDQVDFWLRQVRQYROQRSS±

>@ <6DH\V,,Q]DDQG3/DUUDxDJD³$UHYLHZRIIHDWXUHVHOHFWLRQ
WHFKQLTXHVLQELRLQIRUPDWLFV´ELRLQIRUPDWLFVYROQRSS
±
>@ &)$OLIHULV,7VDPDUGLQRVDQG$6WDWQLNRY³+,721DQRYHO
0DUNRY %ODQNHW DOJRULWKP IRU RSWLPDO YDULDEOH VHOHFWLRQ´ LQ
$0,$$QQXDO6\PSRVLXP3URFHHGLQJVYROS
>@ ,*X\RQ&$OLIHULVDQG$(OLVVHHII³&DXVDOIHDWXUHVHOHFWLRQ´
&RPSXWDWLRQDOPHWKRGVRIIHDWXUHVHOHFWLRQSS±
>@ , %HQ*DO ³%D\HVLDQ QHWZRUNV´ (QF\FORSHGLD RI VWDWLVWLFV LQ
TXDOLW\DQGUHOLDELOLW\
>@ 0 $ +DOO ³&RUUHODWLRQEDVHG IHDWXUH VHOHFWLRQ IRU PDFKLQH
OHDUQLQJ´7KH8QLYHUVLW\RI:DLNDWR
>@/<XDQG+/LX³)HDWXUHVHOHFWLRQIRUKLJKGLPHQVLRQDOGDWD
$IDVWFRUUHODWLRQEDVHGILOWHUVROXWLRQ´LQ,&0/YRO
SS±
>@+ 3HQJ ) /RQJ DQG & 'LQJ ³)HDWXUH VHOHFWLRQ EDVHG RQ
PXWXDOLQIRUPDWLRQFULWHULDRIPD[GHSHQGHQF\PD[UHOHYDQFH
DQG PLQUHGXQGDQF\´ 3DWWHUQ $QDO\VLV DQG 0DFKLQH
,QWHOOLJHQFH,(((7UDQVDFWLRQVRQYROQRSS±

>@3 6SLUWHV & 1 *O\PRXU DQG 5 6FKHLQHV Causation, 
prediction, and searchYRO0,7SUHVV
>@<=KDQJ==KDQJ./LXDQG*4LDQ³$QLPSURYHG,$0%
DOJRULWKPIRU0DUNRYEODQNHWGLVFRYHU\´-RXUQDORI&RPSXWHUV
YROQRSS±
>@$ $VXQFLRQ DQG ' 1HZPDQ ³8&, PDFKLQH OHDUQLQJ
UHSRVLWRU\´  >2QOLQH@ $YDLODEOH
KWWSZZZLFVXFLHGXªPOHDUQ0/5HSRVLWRU\KWPO
>@*X\RQ , &DXVDOLW\ :RUNEHQFK 
KWWSZZZFDXVDOLW\LQIHWK]FKKRPHSKS





